Abstract.-The temperature dependence of conductivity, photoluminescence and ion-implantation doping effect of glow discharge ( G C ) and low pressure CYD a-Si films have been investigated. Post-hydrogenation significantly reduces the gap state density of LPCVD a-Si. Phosphorus and boron ion-implantation sho~v that .;PCVD a-Si has a higher doping efficiency than C-D samples, reaching a maximw~l R.T.
-1 conductivity of 0.3 cru . Two peaks were observed in the luminescence spectrim of GL7 a-Si films and the origin of the peaks is discussed.
1. In-troduction.-It is well known that the preparation o f a-Si l"i3ms by GD makes it possible to control the conductivity by substitutional doping, because a large number of hydrogen atoms are incorporated in GI) a-Si and saturate the dangling bonds. It appears that a-Si films pryduced by CVD followed by post-hydro~enation*have bet-. . \ ter structure")owing to the higher deposition temperature and the fact that they should be Sree from the structural defects in GD f i b s caused by inoorporation of very high concentration of hydrogen and successfuL doping has also been achieved ( 2 ) ( 3 ) .
This paper presents a comparative study on the conductivity, ion-implantation doping and photoluminescence of GD and LPCVD a-Si films. The plot for the unhydrogenated LPCVD sample has a kink at 370 I(: &bd bas the lower activation energy of 0.17 eV in the lower temperature range. This can be interpreted as due to a hopping conductivity through gap states in the neighborhood of Permi Level. It implies a relatively high gap state density in the unhydrogenated LPCVD samples. For the LPCVD samples post-hydrogenated at 4000C, however, one does not observe any such change over hopping conductivity in the low temperature range and its behavior olosely paralles that of the GD sample (Fig.1) .
Prom this one may conclude that the gap state density of LPCVD films is significantly lowered by the post-hydrogenation treatment. This conclusion has been confirmed by field effect measurement, which shows the gap state density to be reduced by over 2 orders of magnitude after post-hydrogenation. The activation enerees obtained from the plots of P and B doped samples are 0.15 eV and 0.18 eV respectively. These two curves show a tendency to saturation towards the higher temperature, that is the well-known feature of impurity conductivity.
4. Ion-implantation doping,-with suitable post-hydrogenation ti. Sol et a~(~)obtained high doping efficiency with W C V D a-Si by gas phase 1 doping. They obtained a maximum conductivity of 0.7fi-cm", which is about 2 orders higher than that of GD a-Si. However Taniguchi et €t~(~)obtained a conductivity of 0 . 1 ~-l c m " by gas phase doping without hydrogenation. We have also obtained fairly good doping efi ficiency by P and B ion-implantation of unhydrogenated LPCVD a-Si films. Fig.2 shows the room temperature conductivity CRT of the specimens, as a function of the implanted impurity concen%&tion.
The msximum conductivity obtained in,B implantation doped LPCVD a-Si is 0.3~"cm'?
which is comparable to that obtained by gas phase doping (2)(3). We can also see from Pig.2 that post-hydrogenation did not essentially improve the doping efficiency. So it appears that the implanted P or B atoms can act to saturate the dangling bonds in LPCVD films, It is noteworthy that the implantation doping efficiency for LPCVD a-Si is about two orders higher than that forlGD samples under the same implantation condition.
M.Hirose et a1(4) reported that they obtained a conductivity as -.
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high as 27 fi ' l cm-I for phosphous doped and 7.8 ~'~c m " for B doped GD a-Si films, with microcrystalline phase in the amorphous network However, we did not observe microcrystalline phase in our P and B doped LPCVD films by means of electron diffraction. .:../I -to record with the photomultiplier Ml2PD35, the spectra of most samples consist of a strong wide band and a weak narrow one. Increasing substrate tempera-f:ure T or annealing temperature Ta above 500 K, the former(main band) shiats gradually from I .55 eV to 1.20 eV and becomes weaker in intensity, while the latter remains at 1.20 eV m d increases in intensity. The shift of the main band is consistent with the shift of absorption edge of the same specimens. The peak energy of main bands is 0.40 eV smaller than coresponding optical gap. This value coincides with the sum of the two band tails ,-.
~abstantiall~"). This emission band, therefore, is due to radiative recombination between the two band tails. Comparing with the main band(with a line width about 0.23 eV), 1.20 eV band is much narrowe er, moreover, it can only be seen for the specimens with less hydrogen content.-This can be interpreted as the radiative recombination between conduction band tail and defect states near valence band. It Pig.3 Photoluminescence spectra of a-Si:H at various Is and Ta has been shown by experiments(6) and cal~ulation(~)that hydrogen appears to shift valence band but not conduction band. That supports our interpretation.
